###### Key messages

What is already known about this subject?
=========================================

-   Small-size randomised trials have shown that mechanical postconditioning (PostC) significantly reduces infarct size in patients with acute myocardial infarct. However, several experimental studies suggested that comorbidities such as traditional cardiovascular risk factors had a significant impact on infarct size and interfered with PostC. These experimental results are controversial and the interaction of traditional risk factors on the cardioprotective effect of PostC in humans is scarce.

What does this study add?
=========================

-   The present analysis suggests that the cardioprotective effect of mechanical PostC is not influenced by traditional cardiovascular risk factors that are prevalent in patients with ST-segment elevation myocardial infarction (STEMI).

How might this impact on clinical practice?
===========================================

-   Ischaemic PostC in patients with STEMI represents a new therapeutic strategy to decrease infarct size and potential clinical outcome improvement in patients with STEMI. This strategy is applicable to all patients, regardless of their comorbidities.

Introduction {#s1}
============

According to recent guidelines, coronary reperfusion should be performed as early as possible in patients presenting with ST-segment elevation myocardial infarction (STEMI) within 12 h of symptom onset.[@R1] Reperfusion therapy of a jeopardised myocardium reduces the infarct size (IS) and improves the left ventricular (LV) function and clinical outcomes of patients with STEMI.

However, myocardial recovery can be suboptimal despite complete restoration of coronary blood flow, partly explained by myocardial reperfusion injury that occurs at the time of reperfusion. Several reports have shown the significant negative impact of reperfusion injury on LV remodelling,[@R2] regional and global left ventricle recovery[@R3] and clinical outcome.[@R4]

Developing protective strategies to reduce and prevent lethal reperfusion injury has emerged as a new therapeutic target for management of patients with STEMI. Mechanical postconditioning (PostC) consisting of brief episodes of ischaemia-reperfusion performed just after the culprit coronary artery reopening is one of these strategies. In humans, several small-sized randomised trials have shown that mechanical PostC significantly reduced IS in patients with acute myocardial infarction (AMI).[@R5] [@R6]

The role of confounding factors on the beneficial effect of PostC remains controversial. Several experimental studies suggest that clinical characteristics such as age,[@R7] gender[@R8] and traditional cardiovascular (CV) risk factors interfere with PostC.[@R9] [@R10] These results are controversial[@R11] [@R12] and clinical data are still lacking in humans.

Our main objective was to assess the individual influence of traditional CV risk factors on IS and their interaction with ischaemic PostC in patients with acute STEMI referred for percutaneous coronary intervention (PCI).

Methods {#s2}
=======

Study population {#s2a}
----------------

The study population was constituted from the combined data set of four previously published ischaemic PostC clinical trials performed at our institution between July 2004 and October 2010. All were prospective, multicentre, randomised, open-label controlled trials.[@R5] [@R6] [@R13] [@R14] These studies were pooled according to the same inclusion and exclusion criteria, and patients were submitted to the same ischaemic mechanical PostC. In the trial published by Piot *et al*, PostC was performed with Cyclosporine A; therefore, patients in the treatment group were not included in our pooled data set and we only included patients from the control group from this trial.

Inclusion and exclusion criteria {#s2b}
--------------------------------

Briefly, patients ≥18 years were included in these protocols if they presented within 12 h of chest pain onset with ST elevation \>0.1 mV in two contiguous ECG leads and the clinical decision was made to treat with PCI. The culprit coronary artery had to be occluded on first coronary angiography (thrombolysis in myocardial infarction coronary flow ≤1).

Patients with cardiac arrest, cardiogenic shock, history of AMI, angina within 48 h before infarction or evidence of coronary collaterals (Rentrop grade ≥1) to the myocardial area at risk (AAR) were excluded.

All studies were performed according to the Declaration of Helsinki (revised version of Somerset West, Republic of South Africa, 1996) and according to the European Guidelines of Good Clinical Practice (V.11, July 1990) and French laws. All patients gave written informed consent before inclusion.

Area at risk {#s2c}
------------

The size of the AAR was assessed in all patients using the circumferential extent of abnormally contracting segments (ACS), according to the method of Feild *et al* as reported previously.[@R15] [@R16]

Experimental protocol {#s2d}
---------------------

The experimental protocol and primary end point assessment were the same in all four studies except the Piot *et al* study. Coronary angiography and PCI were performed in all patients and have been described previously.[@R5] [@R6] The standard treatment after primary PCI complied with the updated European Society of Cardiology guidelines for management of STEMI patients at the time of the each trial\'s completion.

End points {#s2e}
----------

The primary end point was IS as assessed by the area under the curve (AUC) in arbitrary units (AU) obtained by serial measurements of creatine kinase (CK) over a 72 h period.

30-day and 1 year rates of major adverse cardiac events were collected and assessed as a combined end point, defined as death, myocardial infarction or hospitalisation for heart failure, or any unplanned coronary revascularisation.

Statistical analysis {#s2f}
--------------------

Data from the respective control and PostC groups from each trial were pooled in order to form one single control group and PostC group. Normality and homoscedasticity between the different studies were assessed with the Shapiro-Wilk test and Bartlett test on the first and secondary outcomes of the study. Homogeneity between the control group and the treatment groups at baseline were assessed with Student t tests for continuous variables and with χ^2^ tests for categorical variables.

The correlation between IS and the AAR was assessed in the overall population of patients and within each study group with the Spearman rank correlation analysis.

To assess the effect of specified variables on IS and their interaction with ischaemic PostC, we performed two separate multivariate robust regression models and the following variables were tested separately: age, gender, diabetes, dyslipidemia, obesity (body mass index ≥30 kg/m^2^), hypertension and active smoking status. We used the robust multivariate linear regression model to reduce outliers' effects: the first regression assessed the individual effect of explicative variables on IS adjusting for study number, AAR and PostC effect; the second regression analysis assessed the interaction with ischaemic PostC, including the interaction between PostC effect and the explicative variable of interest.

Clinical outcomes were compared by logistic regression analysis at 1 month and 1 year of follow-up between the control group and the PostC group.

A p value \<0.05 was considered statistically significant.

All analyses were performed using R 3.0.2 software.

Results {#s3}
=======

Study population {#s3a}
----------------

From July 2004 to October 2010, 173 patients were enrolled in the four different studies and included in the final analysis. The average age of patients was 58±12 years, 76.3% were males, 48% had an anterior infarct. Eighty-two patients were included in the ischaemic PostC group and 91 in the control group. There were no significant baseline demographic differences between groups and the baseline clinical and interventional characteristics are reported in [table 1](#OPENHRT2014000175TB1){ref-type="table"}. Medications received before and during hospitalisation and at discharge are detailed in online supplementary files.

###### 

Baseline clinical characteristics

                                    Control group (n=91)   PostC group (n=82)   p Value
  --------------------------------- ---------------------- -------------------- ---------
  Age, years                        59±12                  57±13                0.16
  Male sex, %                       80.2                   71.9                 0.27
  Body mass index, kg/m^2^          26.4±4.1               26.6±4.5             0.77
  Hypertension, %                   48.3                   39.0                 0.28
  Diabetes, %                       19.8                   13.4                 0.36
  Smoking, %                        53.8                   62.2                 0.38
  Dyslipidemia, %                   48.4                   46.3                 0.91
  Admission haemodynamics                                                       
   Heart rate, bpm                  71±16                  74±18                0.24
   Systolic blood pressure, mm Hg   130±26                 133±27               0.48
  Ischaemia time, min               259±140                283±181              0.32
  LV and coronary angiography                                                   
   LV ejection fraction, %          54±11                  50±12                0.06
   Multivessel status, %            13.2                   3.7                  0.05
   Anterior infarct, %              52.7                   51.2                 0.96
   ACS, %                           34.8±12.5              40.3±12.3            0.007\*
   Thromboaspiration, %             40.7                   25.6                 0.05
   Direct stenting, %               100                    100                  NA

Data are presented as a percentage or as the mean±SD.

\*Statistically significant.

ACS, abormality coronary segments; LV, left ventricular; PostC, postconditioning.

Infarct size {#s3b}
------------

The AUC of serum CK release during the first 72 h of reperfusion was significantly reduced in the PostC group compared with the control group (88.2×10^3^±54.5×10^3^ AU vs 71.7×10^3^±41.6×10^3^ AU respectively; p=0.027; [figure 1](#OPENHRT2014000175F1){ref-type="fig"}).

![Assessment of infarct size by biomarker measurement. Serum creatine kinase (CK) release over the first 72 h of reperfusion. Area under the curve (AUC; arbitrary units) of serum CK release was measured in control (black) and postconditioned (grey) patients. There was a significant 19% reduction in the AUC of CK release for postconditioned versus control (p=0.027).](openhrt2014000175f01){#OPENHRT2014000175F1}

AAR assessed by the ACS averaged 34.8±12.5% in the control group versus 40.3±12.3% in the PostC group (p=0.007). There was a significant correlation between serum CK release and AAR (Spearman\'s rank correlation 0.31; p value 9.2×10^−5^). For any given size of AAR, there was a significantly smaller IS in the PostC group compared with controls ([figure 2](#OPENHRT2014000175F2){ref-type="fig"}).

![Reduction of cardiac enzyme release by ischaemic postconditioning (PostC), adjusted on the area at risk (AAR). Infarct size, assessed by the area under the curve of serum creatine kinase release was plotted versus abnormally contracting segments, a surrogate marker of the size of the area at risk. The line for the PostC group lies significantly below the line for the control group. In both groups, the infarct size correlates with the AAR.](openhrt2014000175f02){#OPENHRT2014000175F2}

Effect of traditional CV risk factors on IS {#s3c}
-------------------------------------------

After adjustment on ACS, there was a significant negative relationship between age and IS (β coefficient −0.8 (−1.4; −0.2), p=0.005), showing a significant decrease in IS for each year gained. There was also a significant effect in smokers who had a larger IS compared to non-smokers (β coefficient 17.2 (3.3; 31.2), p=0.02). Individually, gender, diabetes, hypertension, dyslipidemia and obesity did not have any significant effect on IS ([table 2](#OPENHRT2014000175TB2){ref-type="table"}).

###### 

Effect of cardiovascular risk factors on infarct size by robust multivariate regression analysis

                 β Coefficient (×10^3^ AU)   95% CI             p Value
  -------------- --------------------------- ------------------ ---------
  Age            −0.8                        (−1.4 to −0.2)     0.005\*
  Male gender    6.3                         (−9.4 to 21.9)     0.43
  Hypertension   −12.5                       (−25.8 to 0.8)     0.07
  Dyslipidemia   0.05                        (−13.1 to 13.2)    0.99
  Smoking        17.2                        (3.3 to to 31.2)   0.02\*
  Diabetes       −8.2                        (−25.8 to −9.5)    0.37
  Obesity        −7.1                        (−23.7 to 9.6)     0.41

β Coefficient: regression coefficient estimated by robust regression adjusting for the study number, treatment group and area at risk size.

Interaction of traditional CV risk factors and the effect of PostC {#s3d}
------------------------------------------------------------------

The robust multivariate regression analyses showed that none of the traditional risk factors had a significant interaction with the cardioprotective effect of mechanic ischaemic PostC ([table 3](#OPENHRT2014000175TB3){ref-type="table"}).

###### 

Interaction of cardiovascular risk factors with postconditioning (PostC) effect by robust multivariate linear regression

  Multivariate analysis of the interaction of cardiovascular risk factors and PostC effect adjusting for the myocardial area at risk and for study effect                             
  --------------------------------------------------------------------------------------------------------------------------------------------------------- ------- ----------------- ------
  Age                                                                                                                                                       0.3     (−0.8 to 1.4)     0.62
  Male gender                                                                                                                                               −22.9   (−54.5 to 8.8)    0.16
  Hypertension                                                                                                                                              −3.0    (−29.9 to 23.9)   0.83
  Dyslipidemia                                                                                                                                              −13.3   (−40.3 to 13.7)   0.34
  Smoking                                                                                                                                                   7.3     (−20.6 to 35.2)   0.61
  Diabetes                                                                                                                                                  −22.7   (−58.7 to 13.2)   0.21
  Obesity                                                                                                                                                   −19.9   (−52.4 to 12.7)   0.23

β Coefficient: regression coefficient estimated by robust regression adjusting for the study number, treatment group and area at risk size.

CV events and mortality at 30 days and 1 year {#s3e}
---------------------------------------------

At 30 days, 14 (9.2%) patients had a composite outcome (10 in the control group and 4 in the PostC group; p=0.18; [table 4](#OPENHRT2014000175TB4){ref-type="table"}). At 1 year, 27 patients had a composite outcome (16 in the control group and 11 in the PostC group; p=0.54). There was no significant difference in the composite end point between the two groups.

###### 

Cardiovascular events and mortality at 1 year of follow-up

  Composite end point                  Total cohort   Control group   PostC group   p Value
  ------------------------------------ -------------- --------------- ------------- ---------
  1 year                               27 (19.3%)     16 (21.6%)      11 (16.7%)    0.54
   All-cause mortality                 2              0               2             
   Hospitalisation for heart failure   10             7               3             
   Unstable angina                     2              1               1             
   Myocardial infarction               3              3               0             
   Unplanned revascularisation         13             7               5             

PostC, postconditioning.

Discussion {#s4}
==========

In this study pooling data from four different prospective PostC clinical trials performed within our institution network with identical settings, we confirmed a significant IS reduction effect of mechanical PostC in patients with STEMI. We further found that ageing and active smoking had an individual significant influence on IS. Finally, our data suggest that major CV risk factors do not significantly affect the beneficial effect of mechanical PostC on IS.

Several small clinical trials have shown that applying ischaemic PostC at the time of reperfusion significantly reduced the cardiac enzyme release by up to 40%.[@R5] [@R6] [@R14] IS reduction by PostC persists at 6 months.[@R6] In a recent meta-analysis of 10 randomised trials including 560 patients, Zhou *et al*[@R17] confirmed the significant reduction of IS by PostC. This is also concordant with a recent review by Heusch.[@R18]

Very few studies have assessed the interaction of traditional CV risk factors and demographic characteristics on PostC effect in humans. Only one recent meta-analysis of 10 randomised clinical PostC trials in patients with STEMI[@R17] assessed the interaction of traditional CV risk factors with ischaemic PostC. In this meta-analysis, Zhou *et al* showed that only gender, age and use of direct stenting had a significant interaction with PostC. The effect of PostC was more pronounced among young and male patients, and among those in whom direct stenting techniques were used. Our results on individual patient data do not confirm this significant interaction with age and gender. Furthermore, we could not assess the effect of direct stenting due to our trials protocol design where direct stenting was the only revascularisation technique applied. These differences can be explained by differences in study populations, sample size and type of analysis. Zhou *et al* included various study populations and different PostC protocols in their analysis. Also, their analyses were not performed on raw data from these different studies. In comparison, our analysis presents results with a single PostC protocol as well as a complete analysis over all available raw data.

In our analysis, older age was associated with a significant reduction in IS without causing a concomitant reduction of ischaemic PostC. This might be related to a higher frequency of coronary multivessel disease and collateral blood flow in older patients. The effect of age on myocardial response to ischaemia and reperfusion is complex. Experimental studies show that older cardiomyocytes have a decreased tolerance to stress associated with decreased mitochondrial and contractile function and an increased susceptibility to apoptosis and necrosis.[@R19]

In our study, active smokers had signficantly larger infarcts compared to non-smokers. Smoking contributes to the pathogenesis of coronary artery disease by several mechanisms including endothelial disturbance, changes in ﬁbrin formation and turnover, altered blood rheology, changes in lipids and lipoproteins and reduced availability of antioxidants. Some ischaemia-reperfusion experimental studies have reported an increase in myocardial IS after tobacco exposure in rats.[@R20] In humans, Robinson *et al*[@R21] also showed that smokers had higher peak cardiac enzyme concentrations following an acute coronary syndrome. The effect of cigarette smoking on the cardioprotective pathways remains poorly explored. However, we did not observe any impact of smoking on the protective effect of ischaemic preconditioning (PC).

Another finding of our study is that traditional CV risk factors did not seem to have a significant influence on the protective effect of PostC. The interference of different traditional factors on PostC effect was suggested by several experimental studies. These studies had controversial findings in different ischaemia-reperfusion experimental settings. Iliodromitis *et al*[@R10] reported that hypercholesterolaemia significantly hampered IS reduction by ischaemic PostC, while Donato *et al*[@R22] did not find any significant confounding effect. Similarly, ischaemic PostC did not significantly reduce IS in spontaneously hypertensive rats,[@R23] but was protective in rats with pressure overload-induced LV hypertrophy.[@R24] This underscores the limits of experimental models in trying to reproduce the full picture of acute ischaemic syndromes in humans. It also shows the differences that might be related to differences in species.

Diabetes is a well-known risk factor for CV morbidity and mortality after myocardial infarction in the literature. However, this higher mortality rate cannot be explained by differences in IS, determined either by biomarkers release[@R25] or by MRI.[@R26] The complexity of this subject has recently been emphasised with studies showing that an increase in IS is associated with hyperglycaemia on admission and its significant association with adverse outcomes.[@R26] Experimental studies have suggested that diabetes and hyperglycaemia may have a direct detrimental effect on ischaemic myocardium and alter endothelial microvascular function. High glucose levels and diabetes are associated with increases in reactive oxygen species generation and induce impaired myocardial oxygen consumption. In experimental models, diabetes was associated with a significant loss of the ischaemic PostC cardioprotective effect.[@R27] However, there are very little clinical data on this specific subject[@R17] and the interaction remains to be further explored in human patients. Our study did not show any significant interaction between diabetes and ischaemic PostC.

Ischaemic PostC in patients with STEMI represents a new therapeutic strategy to decrease IS and improve clinical outcome in patients with STEMI. However, the level of evidence and the technical requirements of mechanical PostC limit its applicability to all patients with STEMI. A significant number of patients cannot benefit from this intervention which relies on a primary PCI strategy. Mechanical PostC is also difficult to combine with recent technical modifications such as thrombus aspiration. The clinical beneﬁts of PostC techniques have yet to be demonstrated in large clinical trials. Trials with clinical end points are underway (eg, Cyclosporine and Prognosis in Acute Myocardial Infarction Patients (CIRCUS), ClinicalTrials.gov Identifier: NCT01502774A) and will bring important findings on the place of PostC strategies in patients with STEMI. Of note, comorbidities and traditional CV risk factors might not necessarily have a similar influence on pharmacological than on ischaemic PostC.

Study limitations {#s4a}
-----------------

First, the sample size was small and was constituted by pooling populations of four different clinical trials realised within our multicentre network at different time points. The limited size of our study sample, as well as a posteriori statistical analysis, limits our power to discriminate any effect that could exist from one of the CV risk factors studied.

We had full access to all clinical databases from these trials and all these clinical trials shared the same PostC protocol and same exclusion and inclusion criteria. We tested the heterogeneity between the different studies by comparing population baseline characteristics between each study and we did not find any significant difference. During the different inclusion periods from July 2004 to October 2010, significant changes in international guidelines and therapeutic management of patients with STEMI occurred, and could have induced a potential bias of confounding factors.

Finally, we found a significant difference for the AAR measure between the PostC and control groups in the pooled population. This difference, however, is in favour of the control group, the ACS being significantly greater in the PC group. In all previous trials, there was a consistent trend of the ACS being larger in the PC group, although not reaching significance. The pooling of the individual data from each one of these trials and the addition of the control group from the Piot *et al* trial made this difference significant. However, we do not think this affects the results and conclusions presented in our manuscript.

Conclusion {#s5}
==========

In this study, we confirmed the significant IS reduction effect by mechanical PostC in patients with STEMI. The cardioprotective effect of mechanical PostC is not influenced by traditional CV risk factors that are prevalent in patients with STEMI. These trials will also provide further data increasing the statistical power to assess the interaction between postconditioning interventions and patients baseline characteristics such as diabetes, age and all the potential effect modifiers that have been described in the experimental literature. They will also provide further data on the relationship between patient\'s characteristics and PostC techniques efficiency.
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